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SECTION GEOLOGY AND MINERALOGY 


THE DELAWARE AQUEDUCT: SOME 
GEOLOGICAL DATA* 


THOMAS 


The Delaware aqueduct system, part 
which has been operation for number 
years, comprises several reservoirs and tun- 
nels extending from the Catskill Mountains 
New York City. The general geologic 
features the aqueduct are well known and 
are This discussion will 
limited few the geologic features 
which appear scientific interest. 
will not attempt settle any the con- 
troversial hypotheses concerned with the 
correlation various geologic formations 
dogmatic about the data presents. 
have already altered views some 
controversial issues more than once and 
hope that shall continue new 
evidence becomes available. 


Deformation South the Highlands. The 
geological formations New York City 
extend northeasterly direction the 
southern margin the Highlands belt. 
They lie straight regular belts far 
Katonah. that place, major fault runs 
southeasterly direction toward Bedford 
Village. East Katonah, there isa rugged 
mass gneisses and granite, much which 
included within the Poundridge Reserva- 
tion the Westchester County park sys- 
tem. Beginning Katonah, the forma- 
tional belts, which this point follow 
straight northeasterly course, turn the 
east and swing great arcs around the 
Poundridge block. some extent, the 
southeastern margin the Highlands follows 
the same pattern. 

The general trend the rock formations 
extending from New York City Katonah 
northeast, and the dips the foliation 
almost all cases are the 


* This paper, illustrated with lantern slides, was presented 
at the meeting of the Section, March 6, 1950. 

+ Senior Geologist, Board of Water Supply, City of New 
York, New York. 


ing isoclinal, with the axial planes tipped 
the southeast. From Katonah the 
margin the Highlands, the trend changes 
from northeast-southwest east-west, and 
the rock structure dips northwest and north. 
The southeastern margin the Highlands 
fault, for the Highlands block has been 
uplifted, and nowhere within the Highlands 
massif are there any traces the Inwood 
and Manhattan formations. Somers, 
the Highlands gneisses have been overthrust 
the Inwood, the contact plane dipping 
the northwest beneath the Highlands. 
Within the Highlands, the area between 
the West Branch reservoir and Somers, the 
rock structures similarly trend northeast- 
southwest east-west and dip the north- 
west north. 

The entire rock structure between the 
West Branch reservoir and New York City 
suggests thrust exerted the Highlands 
massif, with movement directed south- 
easterly direction. North Katonah, the 
thrust has not only crumpled the forma- 
tions between the Highlands and the Pound- 
ridge block, but has displaced them toward 
the southeast with development the 
major fault, which extends from Katonah 
toward Bedford Village. the aqueduct 
tunnel, repeated pattern found, over- 
thrusting movement from the northwest 
with large vertical component and 
smaller horizontal component. The north- 
west side displaced upward and the 
east, accompanied drag the foliation 
structure and shearing. 

The significance the structure, whereby 
the formational belts loop great arcs 
around the Poundridge block, not under- 
stood. 


Correlation the Gneisses. All geologists 


working this region concede that the 
gneisses the Highlands belt are pre-Cam- 
brian, for the vicinity Fishkill the 
Cambrian Poughquag quartzite overlies 
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which the author has basis for per- 
There are various intrusives 
into the gneisses, some which must 
much younger. Most local geologists cor- 


them unconformably. Whether they are 
with the Grenville question 
relate the Fordham gneiss with the gneisses 


SCALE IN MILES 


\ GENERALIZED GEQLOGIC STRUCTURE 
\ OF PARTS OF 
WESTCHESTER AND PUTNAM COUNTIES 
SHOWING 
FORMATIONAL TRENOS AND DIPS 


i FicureE 1. (Reproduced by Courtesy of the Delaware 
Supply News). 

the Highlands. This correlation seems 

based merely the fact that both are 
gneisses. study both indicates that the 

basis for the correlation rather uncertain. 

The Fordham gneiss extends from New 

York City near the southern margin 
the Highlands long narrow well-defined 
belts. Although secondary metamorphic 
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structures have been developed there 
are many places where there are indications 
primary structures, such original bed- 
ding. Such structures may also found 
the gneisses the Highlands, but 
usually are less well-defined, less constant 
direction, and indicative much higher 
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FIGURE 2. 


tures the Highlands belt suggest that the 
rocks have undergone plastic flow 
greater degree than those the Fordham. 

The mineralogic composition also differs. 
The composition the Fordham and what- 
ever traces original bedding remain sug- 
gest that was originally series sand 


stones. country rock the Highlands, 
least far own observations have 
gone, appears have been graphitic 
schist, with some discontinuous, lenticular, 
distorted, highly silicated limestones. Iron 
ore deposits occur frequently the High- 
lands but are absent from the Fordham. 
Granitic intrusives into the Fordham are 
usually characterized orthoclase and 
microcline feldspars, while those the 
Highlands carry andesine and other basic 
feldspars. 

The dynamic characteristics the forma- 
tions likewise differ. Wherever the Ford- 
ham has been faulted, crush zones remain 
evidence. Displacements the gneisses 
the Highlands are frequently characterized 
plastic flow, with remaining evidence 
crush zones. Much the faulting the 
Highlands evidently has occurred more 
deep-seated levels than the Fordham. 

These facts are not proof anything, 
course, but they suggest that the Fordham 
gneiss much younger than the gneisses 
the Highlands. The evidence which proves 
that the gneisses the Highlands are pre- 
Cambrian not necessarily applicable 
the Fordham. fact, may not pre- 
Cambrian all. 


Correlation the Se- 
ries. Whether the Manhattan-Inwood se- 
ries should correlated with the Hudson 
River-Wappinger series problem which 
has plagued every serious student local 
geology. own opinion the subject 
has varied from time time. Without 
reiterating the various opinions pro and 
con, may state that the evidence Dr. 
Robert Balk, based very detailed field 
work, support the hypothesis that the 
two series are equivalent, very impressive. 
The one stumbling block the fact that 
has not been able actually walk out 
connection between the Geologic 
work connection with the Delaware aque- 
duct has not shed any additional light 
the problem. sufficient state that 
the close similarities between the series sup- 
port Dr. Balk’s views. 

One major objection the adoption 
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Dr. Balk’s ideas has been the supposed con- 
formability the Inwood limestone with 
the underlying Fordham another 
controversial issue which must confess 
various changes opinion. 

Eleven contacts the Inwood limestone 
with the Fordham gneiss were crossed 
the Delaware aqueduct tunnel, and one con- 
tact the Inwood with the gneisses the 
Highlands belt. Naturally, view the 
opportunity for securing evidence con- 
formity unconformity, examined each 
the contacts with great care, some cases 
even bringing banks flood lights 
order illuminate them. must admit 
disappeintment. Those contacts where 
crush zones occurred were, course, useless 
for the purpose. others, there was found 
not sufficient find parallelism 
structure; must also possible show 
that the structures both formations repre- 
sent original bedding. This was unable 
do. Where folds exist metamorphic 
sume that they represent traces original 
beds. Where the structure merely 
primary secondary. For example, 
Central Park are many outcrops 
hattan schist. many places, minor folds 
are seen, pitching toward the south- 
west. Often, even the same outcrop, the 
folds disappear and the only structure re- 
maining steeply dipping schistose folia- 
tion. One may suspect with some reason 
that the folds are evidence bedding, but! 
one must conclude that, where the folds| 
disappear and are replaced steeply} 
dipping schistosity with all layers 
the original bedding has been totally obliter- 


ated. Similar structures are found 
the Inwood and Fordham formations. 


The structures within the limestone, 


allel the contacts crossed the tunnel, 
were defined mainly micaceous layers 

bey 
and layers diopside. These may be} 
secondary structures developed pat 
morphism; hence, opinion, they 
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also indications plastic flow the lime- 
stone near the contacts, and, one place, 
angular schist xenoliths, evidently sheared 
off from somewhere. Moreover, the gneiss 
and limestone formations frequently were 
separated quartz pegmatite veins, 
which often follow zones displacement. 
The contact the Highlands gneiss with 
the Inwood limestone special interest. 
The gneiss has been thrust upward and 
over the limestone, the fault plane dipping 
sixty degrees the northwest beneath 
the Highlands massif. spite the evi- 
dent faulting, the two formations are tightly 
squeezed together, the limestone pressing 
into every wrinkle and fold the gneiss, 
with evidence crushing. Here, where 
displacement undetermined, but evi- 
dently great, magnitude has occurred, the 
parallelism the foliation both forma- 
tions with the contact even better de- 
veloped than elsewhere. Therefore, one 
may readily understand why opinion 
conformability suffered severe setback. 
this connection, attention may 
called interesting situation New 
York City. the vicinity Featherbed 
Lane and Jerome Avenue, there are out- 
crops the Fordham gneiss. The struc- 
ture that open fold: syncline with 
its axis near the end Davidson Avenue, 
with corresponding anticline farther 
the east near Jerome Avenue. Both plunge 
the south. extension the belt 
Inwood limestone, whose western margin 
generally followed Jerome Avenue, 
here forms re-entrant and overlies the 
syncline gneiss, while the anticline 
gneiss pitches downward beneath the lime- 
stone. Unfortunately, the limestone 
not exposed. Its presence was determined 
borings, one which penetrated entirely 
through the limestone 
usual New York, the outcrops are 
insufficient number prove anything 
beyond question doubt. The gneiss 
outcrops, however, are suggestive. The 
parallelism the minor fold structures 
with the synclinal and anticlinal major 
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structure and with the embayment 
limestone looks remarkably like original 
bedding and probable conformity the 
two formations. Again, however, the con- 
formity cannot regarded proven. 


Interbedded Limestone. Limestone layers 
occur within the Fordham gneiss formation. 
The such layers evidence 
favoring the sedimentary origin the 
Fordham. assume that such layers, 
now found, represent the original bed- 
ding other than very crude way 
unwarranted conclusion. The tunnel driven 
north from Shaft 15, near Mt. Kisco, passed 
through such limestone layer large 
size. were many xenoliths horn- 
blendic gneiss, similar lithologically the 
variety gneiss surrounding the limestone 
layer. The xenoliths varied size, were 
well spaced the limestone, and were 
angular. form and distribution, they 
did not resemble talus other sedimen- 
tary deposit, but rather appeared 
autoclastic derivation. Studies the shear 
structures suggested that the region had 
been subjected two deformations, during 
which fragments the gneiss had been 
torn off and incorporated within the lime- 
stone, which under the dynamic stresses 
had behaved though were plastic. 

The evidences plastic flow the lime- 
stone and its incorporation xenoliths in- 
dicate that this case the deformation was 
sufficient degree obliterate the original 
bedding structures. 

the Fordham gneiss and Inwood lime- 
stone are regarded conformable, 
the author believes, spite the incon- 
clusive character the contacts crossed 
the tunnel, and the Fordham gneiss and 
the gneisses the Highlands are not re- 
lated, then way cleared for reconciling 
the various views which have been ex- 
pressed regard correlation. ap- 
pears the author that there least 
some reason for regarding the Manhattan- 
Inwood-Fordham group conformable 
series Paleozoic age. The precise cor- 
relation will leave the stratigraphers. 
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The mention has yet 
been made the Lowerre quartzite, for- 
mation which has been described the 
literature, but which must admit have 
never seen. There outcrop called 
the Lowerre Hastings-on-Hudson; but 
have never been able satisfy myself 
that itisa quartzite. “quartzite,” 
would limit rock sedimentary ori- 
gin, composed quartz grains cemented to- 
gether with silica. satisfied 
that the term has always been used this 
sense local geology. connection with 
work the Delaware aqueduct, was 
necessary map the Poughquag quartzite 
near Hortontown. Some obviously 
quartzite, carrying pebbles. Some 
fine grained, without pebbles. the 
mapping progressed, however, found my- 
self following the into the 
gneisses. Since the two are unconform- 
able, evidently something was wrong. Mr. 
Paul Bird and went over the area again 
and collected samples, from which Mr. 
Bird made thin-sections. This solved the 
problem. Some the material Pough- 
quag quartzite. Some the fine-grained 
material, looking very like quartzite, proved 
sheared and recemented granite. 
thereupon collected samples from vari- 
ous localities where quartzite had been 
mapped and found that some these like- 
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wise were not true wonder 
the Lowerre perhaps one these 

Nothing new startling has been 
vealed excavation the Delaware aque- 
duct. has some extent raised more 
questions than has settled, and leave 
these for the consideration the geologists 
working the metropolitan area. 


References 


the Delaware Aqueduct. The Municipal En- 
gineers Journal. 27(3): 91-126. 

Eastern Department the Board Water 
Supply the City New York. Manuscript 
available at: File Room the Board Water 
Supply; Engineering Societies Library; Co- 
lumbia University Geology Reading Room. 

ham gneiss. Rocks Minerals. 20(8): 364. 

1932. Structure and correlation 

metamorphic rocks southeastern New York. 


Proc. Nat. Acad. Sciences. 18(10): 616- 


Soc. Am. Bull. 47: 685-774. 

graphic features the basal gneisses the 
Highlands. State Museum Bull. 107: 


361-378. 

Point State Museum 
Bull.: 225-226. 


Delaware Water 


problem the quartzites. 
Supply News. 15: 


SECTION BIOLOGY 


GENETIC MECHANISM CONTROL- 
LING BACTERIAL RESISTANCE 
STREPTOMYCIN* 


For several years have been investi- 
gating the origin bacterial resistance 


* This paper, illustrated with lantern slides, was presented 
at the meeting of the Section, March 13, 1950. 
+t Department of Genetics, Carnegie Institution of Wash- 
ington, Cold Spring Harbor, New York. This study was con- 
ducted in part undera grant from the American Cancer Society, 
trout the Committee on Growth of the National Research 
ounci 


antibiotics and have studied patterns 
resistance penicillin, streptomycin, 
romycetin, neomycin, and 
this work, have used strains and 
K-12 Escherichia coli, and (in the case 
penicillin, which coli resistant) 
Staphylococcus aureus. 

When samples consisting known 
number bacteria are taken from broth 
culture coli and plated broth agat 
containing various concentrations strep 
tomycin, observed that, the 
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tration increases, the number surviving 
bacteria that are able form colonies be- 
the percentage survivors plotted 
against concentration streptomycin, the 
curve obtained (FIGURE shows four char- 
acteristic features. The horizontal first 
portion the curve (between and unit 
per ml.) makes evident that streptomycin 
does not become active until after certain 
threshold concentration has been reached. 
After that point, even slight increases 
concentration greatly reduce the percentage 
survivors, indicated the sharp slope 
the second portion the curve (between 
units). the third portion (be- 
tween and about 15), the slope changes 
and becomes more gradual; whereas, the 


PERCENT OF SURVIVORS 


STREPTOMYCIN UNITS PER 
Ficure 1. 


last part the curve (after 15) parallel 
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the base line. the bacterial material 
were uniform with regard resistance 
streptomycin, the curve would presumably 
continue straight line until met the 
base line (see the broken line the figure). 
The difference between this hypothetical 
broken line and the actual curve suggests 
that small fraction the bacteria, repre- 
sented the area the difference, more 
resistant streptomycin than the rest 
the population. The horizontal fourth 
section the curve shows the presence 
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the population few bacteria that are 
entirely resistant streptomycin. 

Very similar survival curves are obtained 
experiments using bacteria from different 
cultures, suggesting that the observed be- 
havior general characteristic bac- 
terial resistance streptomycin. 
rule, strains established from colonies that 
grow media containing streptomycin 
remain either completely partially re- 
sistant. 

This complete partial resistance, de- 
tected when bacteria are thus brought into 
contact with streptomycin, might conceiv- 
ably induced the antibiotic. the 
other hand, might due genetic 
change, entirely independent the action 
the streptomycin. There method 
available for determining which these 
two possibilities true. Experiments made 
test this point indicate that resistance 
streptomycin originates through genetic 
changes, and that the streptomycin acts 
only selective agent, eliminating sensi- 
tive bacteria and permitting resistant in- 
dividuals, which are. always present 
large population, reproduce and form 

The mutation process that responsible 
for the presence small number re- 
sistant bacteria any large population 
occurs with low frequency about once 
per one billion. Because experiments can 
carried out with very large numbers 
bacteria, however, precise determinations 
such low mutation rates can made. 
single Petri dish one billion more bac- 
teria, and, the medium contains ade- 
quate amount streptomycin, all the 
sensitive individuals the plate will 
eliminated, whereas the resistant ones will 
survive and form colonies. this manner, 
minute proportions resistant bacteria 
can measured with great deal ac- 
curacy. 

Among the streptomycin-resistant mu- 
tants, two types can recognized: those 
that are simply resistant, and those that are 
dependent streptomycin for growth. 
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strains and coli, these two 
types occur with frequency per cent 
and per cent, respectively. When bac- 
teria dependent strain are plated 
medium not containing streptomycin, they 
will usually pass through few divisions 
and then die out. any nondependent 
variants are included among them, however, 
should originate during the few divisions 
undergone before death, these individuals 
will able grow the medium with- 
out streptomycin. Thus, method avail- 
able for detecting mutants from strepto- 
mycin dependence nondependence; and, 
here again, large numbers bacteria may 
used and low mutation rates measured. 
Therefore, making use changes strep- 
tomycin resistance and dependence, and 
reversions nondependence, possible 
study and determine the frequency 
mutations occurring two directions, 
situation that still unique genetic 

The mutants that arise dependent 
strain are also two types, namely, strep- 
tomycin-resistant (though not dependent) 
sensitive reversions, again possible 
isolate mutants that are 
resistant dependent streptomycin; 
and, from these new dependents, second 
order sensitive reversions may ob- 
tained. Thus, the process mutational 
change may continued through many 
orders. 

study was made various properties, 
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aside from streptomycin susceptibility, 
different mutants derived this way. 
was found that some differed from one 
another rate growth, others sensi- 
tivity ultraviolet radiation, rate 
mutation, proportion different mu- 
nutritional deficiency. Some the de. 
pendent mutants differed being able 
grow medium containing one part 
another the streptomycin molecule in- 
stead complete streptomycin. Consid- 
ering all these differences, seems likely 
that large proportion mutants that are 
unrelated origin are different from one 
another. This would indicate that rever- 
sion from streptomycin dependence 
sensitivity may due not reverse 
change the chemical reaction that pro- 
duced the original mutant, but some 
other reaction, which re-establishes 
original physiological conditions the cell. 

Using the K-12 strain coli and 
methods developed at- 
tempts were made obtain 
between several resistant and dependent 
mutants. The fact that none were ob- 
served suggests that the changes involved 
the mutational processes determining 
bacterial resistance streptomycin occur 
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DIVISION MYCOLOGY* 


The historical background coccidioido- 
mycosis one the most interesting 


* The Section of Psychology held a meeting on March 20, 
1950, at which a paper was presented by Karl D. Kryter en- 
titled, ‘‘Psychological Research in the Air Force’s Human 
Resources Research Laboratory.’’ No abstract of this paper 
has been received. 

t This paper, illustrated with lantern slides, was presented 
at the meeting of the Division, March 24,1950. Another paper 
on the same subject, by J. H. Swartz, was also presented at 
the meeting. Noabstract of this paper has been received. 


t Research Associate, Biological Laboratories, Harvard 
University, Cambridge, Massachusetts. This work was fi- 
nanced in part by a grant from the Ella Sachs-Plotz Founda- 


the field systemic medical mycology. 
That this true due not only the early 
misconception the disease being proto- 
zoan etiology but even more many| 
original discoveries made 
and mycologists, most which were shown 
later applicable other systemic 
mycoses their etiologic agents. 

First among these, course, was the 


tion and was carried out the University California Los 
Angeles partial fulfillment the requirements for the M.A. 
The author wishes to express her gratitude to Prof. 
O. A. Plunkett for his helpful advice. j 
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demonstration Ophiils and Moffit (1900) 
that coccidioidomycosis was caused, not 
protozoan, but fungus which 
possessed dual nature, appearing host 
tissues and exudates spherical organ- 
ism but culture fluffy white mold. 
Likewise, the source nature, though 
long suspected for some systemic pathogens, 
was established first for Coccidioides immitis 
when Stewart and Meyer (1932) repeatedly 
isolated the fungus from soil collected 
the San Joaquin Valley, California. Fur- 
thermore, the first evidence the possible 
existence reservoir hosts was pointed 
out for Coccidioides Emmons (1942), 
who noted that endemic areas the 
disease certain species rodents were in- 
fected with the fungus. Also, the first 
indication the dual nature some the 
systemic mycoses (with exogenous sources) 
was noted the case coccidioidomycosis 
1937 two physicians, Gifford and 
Dickson, who proved that, addition 


the already known grave, generalized, 


highly fatal type coccidioidomycosis 
termed Dickson (1937) “progressive” 
there was also much 
more common, mild respiratory type, which 
Dickson called coccidioidomyco- 

These examples can carried further— 
into the realm serology, followed the 
first extensive use skin-testing antigen 
epidemiological studies the systemic 
mycoses. The antigen from immitis, 
known coccidioidin, prepared and 
administered much the same way 
tuberculin. skin-testing surveys 
with this antigen have helped define the 
endemic areas present the southwestern 
region the United States and have dis- 
closed that within these areas most the 
long-time residents have 
mycosis. These studies have also shown 
that, many individuals, these infections 
have been sub-clinical. 

The Disease. mentioned earlier, there 
are two types coccidioidomycosis. The 
symptoms the primary type usually 
appear 8-14 days after the inhalation 
dust-borne spores and consist, primarily, 


low grade fever and nonproductive 
cough. Newcomers the area frequently 
influenza pneumonia-like infection. 
most cases, this mild respiratory type dis- 
appears within several days two weeks. 
some cases, however, usually less than 
per cent, secondary progressive coccidioi- 
domycosis develops. The first evidence 
dissemination within the patient usually 
appears within few weeks after onset 
the disease and often manifests itself 
persistence the primary pulmonary in- 
fection coupled with extension the 
disease within the lungs. other in- 
stances, the primary pulmonary lesions 
may may not heal, the first evidence 
progressive infection being either the forma- 
tion large sacculate subcutaneous ab- 
scesses, cutaneous granulomatous ulcers, 
draining sinuses from bone lesions, in- 
volvement the central nervous system. 
Any organ the body, with the usual ex- 
ception the gastro-intestinal tract, may 
involved. about per cent the 
cases progressive coccidioidomycosis, 
the infection fatal, death ensuing after 
from few weeks several months. 

Mycology. Diagnosis made the 
laboratory demonstration the fungus 
and its isolation culture. tissues and 
exudates, the fungus appears thick- 
walled spherical body ranging from 15-80 
human cases. These spherules, 
are commonly termed members the 
medical profession, are sporangia and con- 
tain cytoplasm, which first homo- 
genous and then becomes more granular 
the sporangia mature. Finally, the 
content cleaves into endospores, which are 
wall. 

When pus, sputum, exudate contain- 
ing spherules planted Sabouraud’s 
glucose agar and incubated room tem- 
perature 37°C., the sporangium ger- 
minates and develops quickly into moist 
weeks, typical colony composed 
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greyish-white mycelium divided into three 
zones: central tuft, middle zone 
sparse mycelium, and peripheral zone 
cottony mycelium. older cultures, the 
colonies frequently 
microscopic mount the aerial growth 
colony reveals the presence hyaline, 
rather closely septate hyphae, 
diameter, with occasional racquet cells 
and with chains barrel-shaped spheri- 
cal chlamydospores separated from one 
another empty hyphal elements. Em- 
mons (1942) has noted that the first chla- 
mydospores forming culture appear 
specialized mycelial branches, the identity 
which lost older cultures. The 
chlamydospores are highly infectious. The 
fact that they are produced large num- 
bers, are dry, and are easily dissociated 
from the mycelium makes handling old 
cultures dangerous. Few individuals work 
with the mycelial stage the fungus for 
extended period time without contract- 
ing 
Handling the spherule stage less dan- 
gerous, since the sporangia and endospores 
are formed moist tissues and exudates 
and are not airborne. Unfortunately, 
reliable and consistent method exists for 
culturing sporangia vitro. Lack (1938), 
using medium composed glucose broth 
and partially coagulated egg albumen, 
demonstrated the production sporangia 
under anaerobic conditions, but unfor- 
tunately, this method has not proved de- 
pendable. MacNeal and Taylor (1914), 
Dickson (1937), and the author have ob- 
served the production spherical struc- 
tures mycelium pus. Since these 
structures remain attached the mycelium, 
and never have been observed form 
endospores, must conclude that they 
represent unsuccessful attempts produce 
the sporangial stage. The fact that the 
spherule stage able propagate itself 
the edge pus deposits the 
animal host but unable continue repro- 
duction when the pus removed from the 
host might suggest the need vivo 
factor for consistent sporangial production. 


This, course, indicates the use experi- 
mental animals, practice should like 
toavoid. There doubt that the use 
experimental animals has 
larly satisfactory clinical studies 
host reaction and, large extent, 
studies the morphology the spherule 
and endospores. Their use has been less 
satisfactory, however, for the study the 
development the cultivated chlamydo- 
spores into sporangia. Even more, the 
necessity having rely experimental 
animals has prevented many studies both 
the field mycology and the field 
medicine. 

Ovo Culture Sporangia. ob- 
vious from the foregoing that there 
need for consistent and reliable method 
for culturing the sporangial stage vitro. 
Such method would not only permit 
studies the physiology the spherule 
stage, would also, doubt, make possible 
the obtaining more clear-cut serological 
reactions. Likewise, this method would 
enable systematists work more easily 
with the fungus and also allow medical 
personnel work with the spherule stage 
rather than with the highly infectious and 
dangerous mycelial stage. 

culturing the sporangial stage, many types 
culture media and environmental 
ditions were tried the writer, but with 
success. was finally decided that 
perhaps the use “living culture tubes” 
might provide least partial answer 
the problem culturing the sporangial 
stage. “Living culture tubes,” 
instance, are defined living organisms 
which provide vivo conditions yet re- 
main inert, presenting, 
conditions. Among the various 
possibilities presented, fertile chick eggs 
seemed best suited for the purpose. 
was discovered that Moore (1941) had 
cultured the sporangial stage the corio- 
allantois. This present work extended, 
however, include embryo, 
fluids, air sac membrane, albumen, 

The first experimental inoculations 
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vealed that the sporangial stage repro- 
duced fertile chick eggs massive num- 
bers. The results were spectacular that 
was decided investigate some the 
problems, conditions, and results this 
work. Much remains done, but, 
from this preliminary work, evident 
that the use fertile chick eggs offers 
almost unparalleled opportunity study 
sporangia seemingly unaffected host 
reaction. carrying out this work, the 
procedure was follows: (1) dip alcohol 
and flame 9-12-day fertile chick eggs; 
(2) remove section shell with hand drill; 
(3) inoculate spores chorio- 
allantoic membrane; (4) seal window with 
sterile glass coverslip cellophane and 
paraffin-glycerine mixture (4:1); (5) place 
eggs 37°C. incubator, turn daily (do not 
obscure window), and candle determine 
alive. 

order minimize the danger 
handling mature cultures immitis, 
the following technique for inoculation 
step above was developed. Using 
hypodermic syringe and needle inserted 
through cotton plug, physiological saline 
ejected onto the culture slant. The 
chlamydospores, easily washed free, rise 
the surface. About 0.25 cc. the sus- 
pension drawn into the syringe and used 
for inoculating the chorio-allantois. 

Results. series 177 fertile chick 
eggs inoculated between the 5th and 16th 
days incubation with immitis, mor- 
tality rate 95.48 per cent was noted. 
Two series controls have indicated, how- 
ever, that certain percentage these 
fatalities were due both normal death 
expectancy and mechanical injury 
blood vessels. The fungus was isolated 
identified tissues 81.5 per cent 
the inoculated eggs. The remainder can 
accounted for the early deaths 
some embryos due tearing blood 
vessel when opening the shell, 4.52 per 
cent chick hatchings, and difficulties 
involved selecting infected tissues 
embryos autopsied after the day. 
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Actually, makes little difference when the 
fertile chick eggs are inoculated. 

most cases, there were obvious signs 
infection any part the embryo. 
Nevertheless, the fungus was shown 
present the sporangial stage tissue 
sections embryo and extra-embryonic 
membrane and mounts yolk sac and 
albumen. Massive numbers may found 
the allantoic fluids. addition, the 
mycelial stage frequently could found 
the membrane the air sac. The extent 
the infection, consequently the dis- 
tribution the sporangia the embryo, 
appears depend upon the length time 
the chick survives, survival being influenced 
least three factors: age chick when 
inoculated, size inoculum, and damage 
membrane. Even though study this 
aspect the problem has not been com- 
pleted, the presence the fungus blood 
vessels the chorioallantoic membrane 
and the ventricle the heart, well 
the demonstration sporangia lung and 
liver one chick which was too weak 
complete hatching, indicate that the infec- 
tion may widespread through the 
embryo. 

That the chick inert host indi- 
cated several factors, which include 
massive infections, the rapid growth, the 
reproduction, and the very large size 
some the sporangia. The inert character 
the chick egg made even more evident 
when compared with the relative non- 
susceptibility young, newly hatched 
chickens. Intraperitoneal inoculations 
immitis into young chicks resulted 
obvious infections. only two the 
chicks sacrificed the end four weeks 
were few sporangia found the lungs 
and liver. 

Comparison Sporangia from Fertile 
Chick Egg, Human Cases, and Experimental 
Animals. Comparison sporangia cul- 
tured fertile chick eggs with those found 
man and experimental animals reveals 
several differences. the first place, mas- 


sive numbers sporangia are obtained very 
These 


often chick embryo cultures. 
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sporangia, for the most part, and particu- 
larly the case embryos less than 
days old, appear lying free the fluids 
the embryo chamber. Considerably 
smaller numbers are found embryo tissue. 
That the fungus develops rapidly and almost 
unrestrained indicated not only the 
large size some the sporangia, which 
range size from 3-240 but also rapid 
and prolific formation endospores. 
fact, most sporangia are some stage en- 
dospore production. human cases and 
also experimental animals, such vast 
numbers cells are not seen. general, 
the diameter the fungus human pus, 
exudate, tissue varies from 15-80 
diameter, with most averaging about 
sporangia human sputum and mice 
average somewhat larger. Likewise, most 
the sporangia human cases are 
immature state. 

Sporangia cultured chick embryos show 
morphologic variations more frequently 
than human cases and experimental 
animals. One these frequent varia- 
tion from the spherical shape character- 
istic sporangia found human and 
animal hosts. Another the relatively 
thin wall which, sporangia from fertile 
chick eggs, only about while, 
human cases and experimental animals, 
the wall averages 2-4 diameter. 
seems possible that this thin wall may result 
from rapid growth the fungus and the 
lack host reaction, which might act 
stimulate the production heavy wall. 
The presence this thin wall may account 
for the variety shapes the sporangia, 
especially those which are caught rapidly 
developing chick tissue, packed dense 
clusters, crowded with endospores. 

addition this variation shape, 
there are other and more spectacular mor- 
phologic differences, which must con- 
sidered abnormal designate the 
form and structure the sporangia hu- 
man cases and experimental animals 
“normal.” These “abnormalities” include 
sporangia with pseudopod-like structures 
and extrusions, some which appear 
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almost bud-like. addition, there are 
few sporangia with heavy cross-walls giving 
two-chambered appearance and there are 
spherules incompletely separated from one 
another. Most these changes probably 
result from rapid growth inert host, 
whereas others may due variety 
unknown factors. believed that 
study these morphologic variations might 
give added insight into the still unsolved 
systematic position this fungal pathogen. 

None the sporangia grown fertile 
chick eggs was observed contain large 
central vacuole. Occasionally, human 
cases and more frequently mice, cells 
containing large vacuoles 
Emmons (1947) has suggested that large 
size and large vacuoles are indicative 
rapid growth. Both rapid growth and 
large size are two the outstanding char- 
acteristics sporangia grown fertile 
chick eggs. The absence large vacuoles 
then, might suggest that the physiological 
properties the host may more 
importance. 

One the most striking features all 
the sections examined the variable 
staining reaction the sporangia. With 
the use Mallory’s triple stain, the 
spherules stain either brown, blue, yellow, 
orange, red color. correlation 
staining reaction with size with maturity 
was noted. Also, location the fungus 
the embryo egg had little influence, 
possible exception being those cells found 
albumen and blood vessels. The 
sporangia albumen were consistently 
among the largest organisms noted; most 
were immature state and stained 
blue-brown color. Those sporangia 
blood vessels were much smaller, frequently 
showed signs endospore production (even 
those cells which were larger than red 
blood cells), and usually stained brown 
color. Endospores, with few exceptions, 
took the same stain the parent sporan- 
gium; however, occasional red endospores 
were found within blue brown parent 
cell. The variability the staining reac- 
tion needs investigated further. The 
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work Alhfeldt (1929), who also obtained 
variable staining reaction when she used 
osmic acid and Van Gieson’s stain, suggests 
that lipoidal content may some im- 
portance this respect. 

Mycelial Stage Chick Eggs. Inex- 
amining the eggs for pathologic conditions, 
curious phenomenon was observed. 
30.9 per cent the 177 inoculated eggs, 
immilis was found growing the mycelial 
form the air sac. Embryos which were 
inoculated the 6th 8th days showed 
this phenomenon about per cent 
the cases. This percentage steadily de- 
creased with the age embryos inoculated 
until, the 16th day, eggs showed the 
mycelial form the air sac membrane. 

The earliest appearance the fungus 
the air sac began whitening the 
membrane egg inoculated hours 
previously. Older colonies are small (5-8 
mm. diameter), plaque-like, irregular, 
and composed compacted mycelia which, 
when examined microscopically, show few 
any chlamydospores. The absence chla- 
mydospores may due the youth 
the colonies examined, may due 
slow growth unfavorable environment. 
not known whether the mycelium de- 
rives its nourishment from the membrane, 
which composed organic fibers, from 
the chorio-allantois directly under the air 
sac membrane. Likewise, the exact way 
which the fungus finds its way the air 
sac not known. seems possible, how- 
ever, that some the fungus cells which 
penetrate the blood vessels the chorio- 
allantois are brought the air sac mem- 
brane. This might account for the ten- 
dency the mycelial stage appear near 
the center the membrane. 

Discussion. The fact that has been 
demonstrated that the sporangial stage 
immitis can cultured fertile chick 
eggs raises the possibility applying this 
technique the solution other problems. 
example, using the technique 
Taylor and Carmichael (1948), drugs can 
injected between the shell and chorio- 
allantoic membrane test their effective- 
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ness for treatment coccidioidomycosis. 
addition, since large numbers or- 
ganisms are present the allantoic and 
amniotic fluids, may possible collect 
them for use serological well physi- 
ological studies. There is, also, the possi- 
bility that immunological studies utilizing 
this technique may result production 
vaccine which can used protect new- 
comers endemic areas. 


Summary 


(1) The procedure and results inoculat- 
ing fertile chick eggs with immitis are 
described. 

(2) That the use fertile chick eggs 
excellent method for obtaining large 
numbers sporangia for study indicated 
the massive infections which result and 
the large size and rapid reproduction 
the sporangia. 

(3) Sporangia are found throughout the 
egg: chick embryo, extra-embryonic 
membranes, albumen, yolk sac, and, par- 
ticularly, the amniotic and allantoic 
fluids. The mycelial form sometimes oc- 
curs the air sac membrane. 

(4) comparison the morphology 
the sporangia noted fertile chick eggs 
with those found human hosts and ex- 
perimental animals showed greater varia- 
tion size, shape, abnormal variations, 
and staining reaction those sporangia 
grown fertile chick eggs. 


References 


AHLFELDT, 1929. Special observation 
the morphology Coccidioides immitis. 
Inf. Dis. 44: 277-281. 

E.C. 1937. Coccidioidomycosis. 
111(15): 1362-1364. 

San Joaquin Valley and fungus coccidioides. 
California and Western Medicine 47: 151-155. 

cidioides infection (Coccidioidomycosis). Arch. 
Int. Med. 62(5): 853-871. 

1942. Coccidioidomycosis. 
cologia 34: 452-463. 

Emmons, 1942. 
from soil and rodents. 
57: 109-111. 

1935-36. San Joaquin Fever. 
Ann. Rept. Kern Co. Health Dept.: 22-23. 

37. 


My- 


Isolation coccidioides 
Pub. Health Repts. 


ing 

are 

bly 

nt. 

ile 

les 

cal 

1- 


194 


Data coccidioides fungus infection, Kern Co. 


1901-1936. Ann. Rept. Kern Co. Health 
Dept.: 39-54. 
1938. Spherule formation and endo- 


sporulation the fungus coccidioides vitro. 
Proc. Soc. Exper. Biol. and Med. 38: 907-909, 
cidioides and coccidioidal granuloma. 
Med. Res. 30: 261-274. 
1941. Amer. (1): 103-120. 


TRANSACTIONS 


pathogenic mould: (formerly described 


protozoan: immitis pyogenes). 
Phila. Med. 1471-1472. 


Coccidioides immitis (Stiles) from the soil. 
Proc. Soc. Exper. Biol. Med. 29: 
cultivated tumor tissue and experiments 


Med. 6(4): 504-512. 


SECTION ANTHROPOLOGY 


ICONOGRAPHIC STUDIES AID 
THE RECONSTRUCTION 
EARLY CHIMU CIVILIZATION* 


GERDT 


For appraisal the ancient Peruvian 
Civilizations, two main sources informa- 
tion are available. One the written re- 
ports and records the Spanish Con- 
quistadores and christianized Indians, such 
Guaman Poma Ayala, and the other, 
the archeological discoveries and excava- 
tions, which are especially rewarding the 
coastal regions. These two sources stand 
marked contrast each other when 
viewed relation the Incaic and Pre- 
Incaic periods. While the written records 
for the Incaic culture are abundant, the art 
forms and representations are relatively 
civilization which would rely solely the 
archeological finds would bea rather difficult 
task. the early chronicles fill out the 
gap which would exist otherwise. 

The situation quite different for the 
reconstruction the Pre-Incaic civilizations 
the northern Peruvian coast. The num- 
ber reports recorded early Spanish 
times very small and can almost 
counted the fingers one hand. One 
should mention the unique and extremely 
valuable report Antonio Calancha 
the civilization the late Chimu, which 
can gathered from his 
Besides Calancha, there are 


* This paper, illustrated with lantern slides, was presented 
at the meeting of the Section, March 27, 1950. 
The Free University and the Latin American Bibliotek, 
Berlin, Germany. 


Cabello Balboa and anonymous 
author the year 1604. The historical 
importance these sources has only re- 
cently been properly estimated John 
the whole, however, the in- 
formation given these writers the 
Pre-Incaic civilizations extremely poor. 
the other hand, there immense 
amount archeological material, obtained 
mainly from the very rich burial finds, 
material which gives insight into the 
civilizations which created it. 

This especially true the ceramics 
which were produced the early Chimu 
Mochica. coastal civilization, which 
might have flourished 600-800 A.D., had 
its main centers the valleys Chicama 
and Moche. Its northern borderline might 
have been the valley Pacasmayo and its 
southern border, Max Uhle, 
owe the first stratigraphical work, which 
made possible fix approximately the 
historical position the early Chimu civili- 
zation the sequence cultures the 
northern Peruvian coast. Max Uhle called 
this civilization because 
its “primordal character.” Kroeber 
and Means used the term “Early 
Chimu,” which seems appropriate, since 
there are many common links between this 
relatively early period and the Chimu period 
(called Chimu” Kroeber). This 
late Chimu can considered sort 
renaissance, after interregnum inter- 
mediate period foreign styles. 

What the people the early period called 
themselves will never found out, but 


quite certain that they did not call them- 
selves This name, given 
the old chroniclers, designates the language 
spoken the Chimu. this author, the 
application this strictly linguistic term 
name for the early period does not seem 
too well justified. might more con- 
venient select neutral term, such 
rather than call them “Mochica.” 
long neutral term has been proposed, 
are here calling them Chimu,” 
Kroeber and Means did. 

The early Chimu, was shown Max 
Uhle for the first time his excavations 
Moche, made thousands upon thousands 
ceramics, painted characteristic bi- 
color scheme, reddish brown cream 
molded represent entire figures, animals, 
human heads, 

The extraordinary artistic and esthetic 

value these ceramics, especially the 
so-called vessels the form 

human heads, has been appreciated very 
early connoiseurs. This esthetic value 
paralleled, however, its importance 
documentary source material. 

sels can considered, thanks their orna- 


mentation, singular source for the re- 
construction the civilization these 
people. The unique position the early 

Chimu pottery rests two facts: they 
are unique form well content. 
The form extremely realistic, portraying 
enormous variety topics. Nothing 
seems have been too low, vulgar, re- 
volting, nothing too high sublime, that 
was not depicted. 

first sight, seems almost impossible 
get any order into this extreme variety 
topics. Almost everything seems have 
aroused the interest the sculptor and 
painter that time. Animals and 
plants, hunting and fishing, war and trade, 
dances and ceremonies, all are shown. 
special interest the large number repre- 
sentations their gods and demons. 

The extraordinary importance these 
objects anthropological documents has 


been appreciated since the time 
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Squier. Even our day, however, these 
works have too often been used means 
illustration for reports the Incaic 
period. Direct interpretations this kind, 
based mere analogy, not free from 
dangers and pitfalls, two examples may 
show. 

(1) Incaic religion was centered around 
worship the sun. the other hand, 
Antonio Calancha tells that the 
Chimu the late period considered the 
moon their supreme deity, which was called 
Si. This god, regarded the deity all 
crops and the boisterous sea, was venerated 
big called Si-An, the “house 
the Opposed the Incaic 
sun-worship, the coastal people stuck the 
worship the moon. This might ex- 
plained the climatic conditions this 
part the country. 

(2) Another example furnished the 
difference the importance attributed 
the fox the Incaic and the Pre-Incaic 
coastal civilizations. The fox (as well 
the skunk) was despised the Incaic time, 
the myths the region Huatochin 
show, whereas had very important 
position the highly developed religious 
systems the coastal peoples. The jaguar, 
Tello’s felino,” important the 
Chavin civilization, equal the fox 
Early Chimu religion and mythology. 

These two short examples show quite 
clearly that not possible apply 
ceremonies, ideas, customs, reported 
have been used the Inca, mere 
analogy the Pre-Incaic civilizations, 
which were highly developed 
own way. 

seems more plausible not assay 
these civilizations mere analogy, but 
understand them out themselves, 
their own works—by the way they have 
depicted themselves. 

Among the great number Pre-Incaic 
coastal civilizations, the Early Chimu seems 
the most propitious for such task for three 
reasons, two which have been mentioned 
already: the realistic style and the wide 
scope representation. The third reason 
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the large number ceramics which have 
found their way into the museums both 
America and Europe. supplement the 
ceramics this study, there are the build- 
ings and the other contents the rich grave 
finds: objects stone, bone, metal, shell, 
and, more rarely this period, textiles. 

is, therefore, rather tempting, with all 
this aid, make effort classify and 
group this variety representation and 
try reconstruct this ancient civilization. 
Iconographic studies afford the means for 
cultural analysis which finally should lead 
whole. 

Squier was the first recognize the 
value the archaeological findings (es- 
pecially the ceramics) aid recon- 
structing this civilization. Twenty years 
later, Arthur Baessler became interested 
the deeper meaning the effigy vessels and 
vase paintings which had collected and 
later published his monoumental work 
“Ancient Peruvian 1902-03. 
This study, however, was not systematic 
one. Montell’s excellent work 
“Dress and Ornaments Ancient Peru,” 
which also dealt with the Early Chimu has 
not been followed similar studies other 
fields culture. the gigantic work 
begun Rafael Larco Hoyle, only two 
volumes have been published The 
present author, intrigued the 
bilities, has already attempted further 
systematic reconstruction the Early 
Chimu 

The enormous amount material seemed 
make necessary limit the icono- 
graphic study first selected, special 
aspects this civilization and study 
them more less separately. collecting 
the material, however, became clear that 
this method could not used, for the same 
reason that cannot used modern 
social anthropological field work: the differ- 
ent aspects the culture are related and 
connected with each other the most inti- 
mate way. The warfare was, will 
see later, connected with religious ideas, 
while, the other hand, analysis the 
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demons and gods requires study the 
different animals, plants, Therefore, 
became inevitable regard these repre- 
sentations more less parts whole 
and consider these interrelations. This 
seems the only way come 
understanding the whole system 
thoughts and ideas which gave origin 
these representations. 

Before giving few practical examples 
show how these iconographic studies work 
out, few words should said about the 
character the ceramics. 

The Early Chimu used three techniques 
for ceramic decoration with equal master- 
ship; plastique, high relief, and painting. 
“plastique” meant that the vessel 
was cast the form human being, 
human head, animal, efc. These works 
are more less sculptured the round, 
and only the stirrup-spout reminds that 
they are vessels practical use. The 
vessels decorated with reliefs and paintings 
white and reddish brown form another 
group. 

The easiest approach, course, found 
the effigy vessels, which quite correctly 
are considered the first row 
ancient American art. They may also 
regarded anthropological specimens 
which yield great deal information. 
First all, they tell about the physical 
type these people most naturalistic 


and sincere way. comparison shows that 
this early civilization was built out 
mixture least three different racial 
types. The physical appearance the 
Early Chimu therefore better known 
than that most other Indian tribes. 
The vessels further inform the head- 
dresses, the ear ornaments, and the facial 
paintings. 

The same holds true, even greater 
degree, the vessels which have been! 
shaped the form entire human being 
animal. They tell about the cos- 
tumes, ornaments, implements, and weap- 
ons used this Usually, they} 
depict single sitting standing figure, 
with little mobility (Plate 
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the other hand, there are occasionally 
groups which depict action: the top 
one vessel, medicine man treating 
sick person stretched out before him (Plate 
40°). Another vessel shows group 
three persons, motif very popular Early 
Chimu but also repeated the late period: 
drunkard being led home his more 
sober friends (Plate rule, how- 
ever, the effigy vessels stick the one- 
figure representation and abhor eccentric, 
wild movement. They are more less 
dominated the principle which 
characterizes all true plastic works. 

Quite another tendency found 
low relief and the vase paintings, which 
can considered together. They are 
dominated the principle vivid and 
even dramatic action and the representa- 
tion groups. Wild and 
quick movements, such fast running, 
throwing spear, are depicted 
masterly way. Furthermore, the number 
figures which are painted vase may 
run more than sixty. These scenes 
afford excellent opportunity study the 
interrelations, the actions, and functions 
the various beings, human mythical, 
which might appear more less isolated 
other representations. these dynamic 
paintings, have excellent chance for 
deeper insight functional analysis. 

estimate the vase paintings right 
and proper way and the fullest extent, 
precondition must fulfilled. not 
sufficient have photographic reproduc- 
tion; also necessary have “ex- 
tension” made. The 
photographic reproduction can give but 
detail, and even this detai! will have fore- 
shortenings. 

Some concrete examples should con- 
sidered here give idea the abundant 
material for iconographic study. Further- 
more, the should mentioned, since the 
vessels and vase paintings not 
depict all aspects life. This holds true 
for the primary source existence: agri- 
culture. Archaeological investigation leaves 
doubt that the main subsistence was 


won highly developed agriculture 
with artificial irrigation. The remains 
these irrigation systems are still found 
everywhere. Many vessels are the shape 
of, decorated with, representations 
Indian corn, beans, squashes, potatoes, 
manioc, Nevertheless, representations 
agriculturists work seem ex- 
tremely rare, they exist all. 

the other hand, even this highly 
developed civilization, hunting, fishing, and 
even the gathering snails played 
important role, all this has been 
depicted many times. Admittedly, the 
hunting the deer was more kind sport 
indulged the noble warriers. Not 
only the deer, but also the fox, was hunted 
the deserts between the valleys, indicated 
the drawings little, sandy hills and 


Ficure 1. 


cactus plants (FIGURE The character- 
istic trait the fox the furry, half-dark, 
half-clear which can identified 
without any doubt. This same principle 
applies all other animals, with the art 
the northwest coast North America, 
which animals are always characterized 
special features. 

The two hunters wear short shirts and 
skirts which are decorated with little round 
metal discs. This rich dress, well the 
beautiful headdresses with the long eagle 
feathers, proves that they belong the 
nobility. For weapons, they have, besides 
the sling, light javelins, which are thrown 
with “atlatl.” One the hunters 
just throwing his spear, the other appears 
the same position, although has already 
dispatched his spear. This kind 


erroneous representation which can also 
found the Maya codices. 
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Since the waters the Peruvian coast 
teem with fish, fishing was extremely im- 
portant from the beginning. The Chimu 
used the same light rafts, made reeds, 
which are still use today the northern 
coast. These “balsas” appeared the 
fantasy the Chimu kind fish 
whose “back” they embarked the open 
sea. Thus the “balsa” FIGURE takes 
the form big fish: prow and stern the 
raft-like boat are decorated with fantastic 
animal heads, and big fins appear both 
sides the craft.2 The reeds used the 
construction are fastened together with 
thick ropes. The fisherman sits 
Buddha-like way, holding long rope his 
right hand and the broad, board-like paddle 
his left. Wave bands all four sides 
give solid frame the composition. 


Ficure 2. 


the right corner, two houses are 
seen, which give certain idea the simple 
type dwellings which the fishermen 

second big group representations 
devoted the war-life. effigy-vessel 
the British Museum gives good ex- 
ample what the warriors this time 
looked like (Plate Their equipment 
and weapons were rather standardized. 
The head protected the characteristic 
pointed helmet; under the short, armored 
shirt, which decorated with spirals, the 
loin cloth visible. The round shield 
reinforced small bands copper, and 
the heavy war-club furnished with 
ring shaped knob. The vase paintings 
depict every phase the war almost 


TRANSACTIONS 


There are warriors 
the march, approaching the enemy, and 
there are many battle scenes which are full 


movie-strip like way. 


dramatic action. this type 
scene which shows the flight ofa warrior who 
pursued the victor (Figure The 
latter, protected armor parallel 
staves, brandishes his bit war club. The 
fleeing enemy has already thrown away his 
club, armored shirt, helmet, and headdress. 
The large, bell-like ornament, which the 
characteristic attribute the warrior, 
starts become unfastened from the belt. 

even better idea the warriors dress 
and weapons derived from another group 
vase paintings which almost look like 
kind “Sears and catalogue. 
the big war club are attached all the 
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trophies taken from the enemy: helmet, 
the characteristic bell-shaped ornament, 
(FIGURE 3). 

After battle, the victors would start 
for home, leading their naked captives 
thick ropes tied around their necks. One 
the large flaring rim shows column 
this type. Three the prisoners are 
trying vain stop the blood from pour- 
ing out their noses, while the fourth turns 
back accusing gesture (Figure 
The warriors have shouldered the heavy war 
clubs, made heavier the trophies at- 
tached tothem. The column headed bya 
kind herald, whose belt ornament con- 
sists the skin little fox-like animal. 
Humming birds surround the procession, 
which moves quick tempo through 
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sandy hills, with their cactus and other 
desert plants. 

What fate awaited the prisoners war 
the land the victors shown 
beautiful vase painting the collection 
the American Museum Natural History 
New York 4). Clark Wissler 
has quite correctly identified “the unex- 
pected guests,” calls them, 
with captives from ‘the 
matter fact, see the chiefs the de- 
feated enemies carried litters their 
naked subjects. The bare head, well 
the strong rope around the third chief’s 
neck, indicates that they 
The column approaches great step-pyra- 
mid the type often encountered 


row, lies severed human head. least 
some the prisoners, not all them, 
were sacrificed the gods and demons, 
shown group the upper row, above 
the litter bearers. There, see two ani- 
mal demons who are killing their victim 
with the typical weapon: the 
tumi-like axe, which never used battle 
the warriers but reserved for cere- 
monies for the gods their fights. 

representations this type, the close 
connection which existed between war and 
religious beliefs indicated. Aztec 
Mexico, the main motif for the many wars 
seems have been the winning victims 
for human sacrifices, which were connected 
some way with the “‘order the world.” 
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these valleys. The platform the pyramid 
crowned richly decorated building. 
the interior this building, which might 
richly clad dignitary awaits the column, 
whose approach announced smaller 
person, blowing trumpet. 

Whereas this group has been known for 
long time, having been published several 
authors, the smaller accompanying groups 
have never been published, although they 
are less interest the continuity 
the story. There is, for instance, the 
lower row, naked man, lying flat his 
back, his extremities extended. This 
the characteristic position, the battle- 
scenes, for indicating corpse. the same 


very interesting note that the 
majority these wars were intertribal 
character. general, both groups war- 
riors involved fight show the typical 
Chimu dress and weapons. This means 
that one group the Chimu fought another, 
the same way among the ancient 
Greek city states. This intertribal fighting 
reflects the lack strong authority, 
dominating and uniting all the Chimu 
groups the different valleys. The lack 
political unification might also 
reason why the Early Chimu civilization did 
not spread far the north and south 
did the late Chimu its imperialistic phase. 

marked contrast the primitive 
tribes, most the higher civilizations 
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ancient America are noteworthy for sys- 
tem very severe punishments. The 
Early Chimu are exception this rule. 
The criminal was attached big pole and 
the skin his face flayed the point where 
hung down like mask. Then was 
stoned death and left the birds prey 
(Figure Seler suggested long time 
ago that these representations might 
connected with very interesting astral 
myth reported Antonio Calancha, 
telling about the severe punishment 
thieves. Since male and female being 
are usually depicted, however, could 
well punishment for adultery. 

decidedly more pleasant view this 
civilization, which the warriors played 
such important role, offered the 
many dances and feasts. Here the warriors 
appear again their full regalia, but with- 
out weapons. addition the typical 
helmet, the bell-shaped ornament, the 
dancers wore very tight gaiters with little 
bells rattles affixed. The dancers always 
formed long chain holding the wrist 
the next following man. The whole line 
was directed two dancers who were es- 
pecially richly dressed, one them per- 
forming all steps backwards (Figure 

Dances, music, and drinking bouts also 
filled the peaceful life after death. 
one painting, the spirits form the char- 
acteristic chain, while two flutes and two 
pan-pipes furnish the music. Other death 
spirits stand before two enormous jars 
which contain the intoxicating beverage 
(Figure These representations 
the dancing dead are rather unique 
ancient American art and remind one 
surprising way the medieval death dances 
Western Europe. 

Another group vase paintings de- 
voted ceremony which must have been 
special importance this civilization. 
seems have been kind sacred 
race. The participants wore only their 
loin cloths and belts, but were adorned 
with beautiful head ornaments special 
shape (Figure almost every case, 


very curious object shown one hand 
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the racers. little bag, fashioned 
out piece cloth leather, which 
folded such way that two corners 
stand vertically above 
These sacred races stand close relation 
beans, which formed one the most 
important staple foods. This connection 
shown quite clearly vase painting from 
the Museum Bremen, where number 
beans follow the runners (Figure 
This express graphic way the idea 
that the beans form the content the 
little bags. 

The big races, which played such 
important role this civilization, were cer- 
tainly not just mere sport; they also had 
magical and religious significance. They 
may considered kind fertility 
insure the growth and rich 
harvest the beans. They might com- 
pared quite analogous ceremonial races 
among the tribes the southwestern 
There also very interesting old Spanish 
report from the hinterland Lima, dealing 
with analogous ceremony which clearly 
was meant insure the fertility certain 
fruit. 

Among other plants, coca deserves 
special mention. The chewing coca must 
have played important role also the 
ceremonial and religious life, shownby 
vase painting the Stuttgart collection 
(Figure The three seated figures hold 
the typical containers carried coca 
chewers, from which they dip small quanti- 
ties lime add their coca cuds. The 
fourth figure, his face turned upward and 
his hands adoring attitude, has coca 
bag and lime container clearly depicted. 
Partly surrounding him double-headed 
monster, which stands some relation 
the heavens. Doering has indicated, 
the Chimu, well the ancient Mexicans 
and Maya, symbolized the heavens 
double-headed monster 

From representations this kind gain 
certain insight into the rich ceremonial 
life which centered around the 
the big temple pyramides. Other effigy 
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vessels and vase paintings give idea 
what the demons and gods looked like. 
The vast number mythical beings, 
much larger than could imagined from 
the report given Antonio Calancha 
for the later period, can split up, 
has been shown elsewhere, into several 
groups, among which the animal demons 
outnumber all other groups. The typical 
attributes are the big tusks, motif pre- 
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uses helmet and armor, shield and club, 
and javelin and atlatl, whereas many other 
demons brandish kind very 
peculiar combination axe and knife, also 
used the human sacrifices. The same 
holds true for the plant demons, especially 
the bean demons, which are depicted 
warriors wearing immense helmets. the 
middle the bean, human face inserted. 

How much the mythology reflected the 
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FIGURE 6. 


viously found the Chavin civilization, 
and ear pendants the form serpent 
heads. Both attributes can clearly seen 
the beautiful crab demon, whose neck 
encircled string large pearls. 

The extremely war-like character these 
animal demons made clear their dress 
and other attributes. They use the same 
weapons the warriors this time did, 
can seen the fox demon from vase 
the American Museum Natural His- 
tory New York 6). The demon 


FIGURE 7. 


real life this period, which was crowded 
with wars, shown the many fights 
among the demons and gods. these 
mythical battle scenes, there god 
special importance, whose attribute consists 
one two snakes hanging down from 
his belt. This god, whose name un- 
known those his adversaries, always 
victorious the many fights which 
engaged. His enemies are mostly crab and 
fish demons which tries subdue with 
his tumi long angler’s line. beautiful 
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vase painting the collection the Ameri- 
can Museum Natural History New 
York, published long ago Squier, shows 
this god subduing crab demon—grabbing 
him the hair, the typical symbol 
capture war, the Chimu civilization 
well ancient Mexico (FIGURE 7). 
Many scenes fights among the gods, 
however, are not simple this. 
mythical battle scene from the Museum 
Munich, there are more than sixty little 
beings represented (Figure Two 
groups demons are involved fight: 
the animal demons fight against other 
demons which are personified objects, such 
nose-ornaments, javelins, efc. The chief 
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rays with little snake heads, and 
who are sacrificing two naked prisoners 
war. the back the double-headed 
monster, number demons approach 
the god, who again surrounded many 
rays (FIGURE 8). This vase painting leaves 
doubt that the god mythical being 
supreme importance, whose dwelling 
looked for the heavenly regions. 
Doering has therefore not hesitated 
identify this god with the moon god 
whom Antonio Calancha has left 
some information. This identification 
supported further number other 
representations, which show the god ina 
crescent crescent-shaped “balsa” 


Ficure 8. 


the animal demons may considered 
god who surrounded aureole, whose 
rays end little snake heads. The battle 
ends with the victory the animal demons, 
who bring the chief the object demons 
prisoner war the deity with the 
aureole. 

The same god represented another 
vase painting, accompanied bya numberof 
animal and plant demons, his high rank 
being demonstrated the fact that 
carried beautiful litter, while the two 
litter bearers hold, again, the little bags 
full beans (Figure 

encounter this god with the aureole 
again vase painting which divided into 
two zones the horizontal body the big 
serpent the heavens. the lower zone 
see the litter the god, surrounded 


crossing the heavenly ocean (Figures 
and 

Taken whole, the effigy vessels and 
the vase paintings the Early Chimu 
may compared enormous atlas 
pictures which the accompanying ex- 
planations are lost. text gives us, 
the Greek vases the Egyptian tomb 
reliefs, the names the gods heroes repre- 
sented. The deeper sense these repre- 
sentations seems lost forever, 
their meaning may recovered from the 
representations themselves. The key 
understanding, there any all, lies 
the meticulous combination and compara- 
tive analysis the effigy vessels and the 
vase paintings. 

some time becomes possible 
reconstruct partly the highly interesting 
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civilization the Early Chimu, and 
understand the basic principles this cul- 
ture, will thanks those unknown and 
nameless artists who created these ceramics 
more than thousand years ago. The 
monument which they have erected for 
themselves their people not 
but was created with the simple 
tools potters, who were artists and, 


some way, anthropologists the same 
time. 
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